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1.1. Soluble vs insoluble supports for the synthesis of pyrrole[3,2-
e]diazepin-2-ones
The family of aryldiazepin-2-ones, including [1,4]benzodiaze-
pin-2-ones, are frequently referred to as ‘privileged’ structures, as
a consequence of their afﬁnity for numerous drug-relevant recep-
tor targets. The aryldiazepin-2-one scaffold ﬁrst gained attention
as the framework for GABA receptor agonists such as diazepam
(Valium) used in the treatment of CNS-related conditions.
In the literature, pyrrolodiazepin-2-ones (1) have been de-
scribed less frequently, but they display similarly remarkable
pharmacological properties. The DNA-binding pyrrolo[2,1-c]
[1,4]benzodiazepine natural product, anthramycin (2), is an
antitumour antibiotic, and a number of pyrrolodiazepin-2-ones
have been reported as angiotensin converting enzyme (ACE) and
HIV reverse transcriptase (HIV-RT) inhibitors. Because of the
interest in this class of drug scaffold, a recent publication describes




















E-mail: nterrett@ensembletx.comconstruction of pyrrolo[3,2-e]-[1,4]diazepin-2-one libraries. These
were prepared from N-(9-phenyl-9H-ﬂuoren-9-yl)-4-hydroxypro-
line and used an acid-catalysed Pictet–Spengler reaction, avoiding
the chromatographic puriﬁcation of intermediates.1
The three supports considered for this study were Wang resin,
Merriﬁeld resin and a soluble tetraarylphosphonium salt (TAP).
Wang resin was investigated due to previous success in the
solid-phase synthesis of 3-aminopyrrole-2,5-dicarboxylate ana-
logues, but there were concerns that lability under acidic condi-
tions would result in cleavage of products in the Pictet–Spengler
cyclisation step, and this would inhibit further modiﬁcation of
the pyrrolo[3,2-e][1,4]diazepin-2-one scaffold on the solid phase.
Merriﬁeld resin was found to be effective for preparing the
pyrrolo[3,2-e][1,4]diazepin-2-one scaffold without the inherent
problem of resin cleavage, thereby permitting further modiﬁcation
of the heterocycle. It was found however that resin cleavage re-
quired relatively vigourous conditions.
By contrast, the (40-(bromomethyl)-[1,10-biphenyl]-4-yl)tri-
phenylphosphonium salt is a soluble variant of Merriﬁeld resin,
and was selected as a soluble comparator in this study. Reactions
to prepare small molecules and peptides on this support can be
performed under homogeneous conditions in a polar solvent and
can be puriﬁed by precipitation from low polarity solvents. Precip-
itation of the tetraarylphosphonium (TAP) substrates from diethyl
ether has been demonstrated to be counterion dependent
(Br < ClO4 < PF6) and consequently, the inexpensive perchlorate
salt was employed in this study. Unlike the other resins which re-
quire cleavage before analysis, substrates using this approach
could be examined directly on the TAP support using a variety of
techniques (TLC, RP-HPLC–MS, or NMR).
The side by side comparison of these three supports for the syn-
thesis of pyrrolo[3,2-e]-[1,4]diazepin-2-one highlighted the pros
and cons, and has been used to guide work towards the develop-
ment of combinatorial libraries.
All three supports were successful in generating pyrrolo-
[3,2-e][1,4]diazepin-2-one products, exhibiting complementary
utilities although none proved to be ideal. In each case the ap-
proaches were assessed for the ease of (1) effective monitoring
reaction mixtures, (2) balancing compound stability and facile
cleavage, (3) minimising the use of excess reagents for obtaining
high yields, and (4) compatibility with split-and-mix.
Wang and Merriﬁeld resins were both found to be particularly
useful for parallel experiments, because the solid supports could
be distributed into independent reactors, for exploratory chemistry
in the same pot, prior to individual cleavage and analysis. Recovery
26 N.K. Terrett / Combinatorial Chemistry - An Online Journal 13 (2011) 25–27of the TAP support by precipitation showed variable efﬁciency
through the synthesis, resulting in a 43% overall recovery of mate-
rial after six steps.
The Wang resin provided pyrrolodiazepinone products in a 32%
combined yield although product was prematurely cleaved under
the acidic Pictet–Spengler cyclisation conditions. The overall yields
for Merriﬁeld resin and the TAP soluble support were somewhat
lower, although both were resistant to the Pictet–Spengler reaction
conditions and could be used for further modiﬁcation of the scaf-
fold on the support.
In conclusion, because of the utility of the Merriﬁeld resin for
split-and-mix chemistry in IRORI Kans, an investigation is cur-
rently underway for the construction of pyrrolo[3,2-e]-[1,4]diaze-
pin-2-ones using this support and alternative cleavage methods.2. A summary of the papers in this month’s issue
2.1. Solid-phase synthesis
No papers this month.
2.2. Solution-phase synthesis
A facile and versatile method for the synthesis of unsymmetrical
ureas from readily available reagents has been reported. In the ﬁrst
step triﬂuoroethylchloroformate was reacted with a stoichiometric
amount of a primary amine to give an intermediate triﬂuoroethyl
carbamate. The addition of a second amine (primary or secondary)
to the triﬂuoroethyl carbamate furnishes correspondingunsymmet-
rical ureas in 75–85% yield. A simple workup procedure, the high
yields obtained, and the purity of the isolated products are suitable
for the parallel synthesis of combinatorial libraries of unsymmetri-
cal ureas with high structural and functional diversity.2
A new strategy has been designed for the preparation of gem-di-
ﬂuoro-bisarylic derivatives. It starts from easily accessible and
reactive gem-diﬂuoro-propargylic intermediates and elaborates
the aromatic rings by a Diels–Alder-aromatisation sequence. Het-
erocyclic systems can be also obtained by 1,3-dipolar cycloaddi-
tions, affording mixed aromatic/heteroaromatic derivatives with
CF2 as a linker. Since this motif is a bioisostere of O and CO, corre-
sponding bisarylic scaffolds could be of use in preparing chemical
libraries of ﬂuorinated analogues of bioactive natural products
and/or drugs.3
2.3. Scaffolds and synthons for combinatorial libraries
No papers this month.
2.4. Solid-phase supported reagents
Four Merriﬁeld resin-supported thiourea organocatalysts de-
rived from L-proline have been synthesised and found to be efﬁ-
cient catalysts for the direct asymmetric aldol reaction between
ketone and aromatic aldehydes. The catalysts exhibited high cata-
lytic activity, diastereoselectivity and excellent enantioselectivity
at room temperature with a low loading. They also retained un-
changed enantioselectivities even after being reused for at least
four cycles.4
2.5. Novel resins, linkers and techniques
The immobilisation of alcohols onto 2-chlorotritylchloride resin
using microwave irradiation has been studied. Three different
Fmoc-amino alcohols were tested and several reaction conditions
were evaluated. It was found that microwave immobilisationresulted in effective binding of all three types of alcohol to the resin
with loadings superior or comparable to the ‘classical’ methods in
shorter time and without employing toxic or racemising reagents.5
Diversity oriented parallel synthesis for novel benzimidazole
linked pyrrolo-/pyrido-benzimidazolones and benzimidazole
linked isoindolo-benzimidazolones has been developed on an ionic
liquid support under microwave irradiation utilising cascade
cyclisation. The combined use of microwave heating with an ionic
liquid support was effectively used to speed up multistep synthesis
of biological interesting heterocycles.6
2.6. Library applications
Galactose is the key contact site for plant AB-toxins and the
human adhesion/growth-regulatory galectins. Natural anomeric
extensions and 30-substitutions enhance its reactivity, thus
prompting the investigation of chemical substitutions of galactose
in the quest to develop potent inhibitors. Biochemical screening of
a glycoside library with 60 substances in a solid-phase assay was
followed by examining the compounds’ ability to protect cells from
lectin binding.7
Five positive novel histone deacetylase inhibitors (HDACIs)
were discovered from a polyoxometalate (POM) library by using
a cell-based screening system targeting the p21 gene promoter.
Among them, PAC-320, a new tri-organic-tin-substitute germano-
tungstate, displayed remarkable extracellular inhibitory activity.
Meanwhile, the crystal structure of PAC-320 was characterized
by X-ray crystallography. This study revealed, for the ﬁrst time,
that the HDAC inhibitory activity is a mechanism by which POMs
exert their anticancer effect.8
A lead-like kinase inhibitor screening library containing new 3-
aminopyrazolopyridinones and closely related compounds has
been designed containing hydrogen-bond donor–acceptor motifs
and substitution vectors inspired by the natural product kinase
inhibitor indirubin. Several components of the library showed
kinase inhibitory activity, showing that new, non-natural com-
pounds with relevant biological activity and improved physico-
chemical properties can be generated from the natural product
indirubin, providing compounds that may be useful for kinase
inhibitor drug discovery.9
A library of 80 1-substituted 2-hydroxy-2-aryl-2,3-dihydro-imi-
dazo[1,2-a]pyrimidinium salts and 54 2N-substituted 4(5)-aryl-2-
amino-1H-imidazoles have been synthesised and tested for
the antagonistic effect against bioﬁlm formation by Salmonella
Typhimurium and Pseudomonas aeruginosa. The nature of the sub-
stituent at the 1-position of the salts was found to have a major ef-
fect on their bioﬁlm inhibitory activity.10
A library of 3,5-disubstituted-1,2,4-oxadiazoles and their bio-
isosteres, 1,3,4-oxadiazole and 1,3,4-thiadiazole, have been syn-
thesised and evaluated in vitro for their anticancer potential
against apanel of sixhumancancer cell lines. Thekey step in the syn-
thesis of oxadiazoles involved coupling of an amidoxime with an
appropriate carboxylic acid followed by thermal cyclisation.11
A library of thiazolylmethyl ortho-substituted phenyl glucosides
has been investigated as novel C-aryl glucoside SGLT2 inhibitors. In
order to investigate SAR regarding the proximal phenyl ring in
these inhibitors containing a thiazole motif, a series of chemical
modiﬁcations on the proximal phenyl ring were conducted. During
a series of lead optimisation efforts, the ortho-allyloxyphenyl or
ortho-hydroxyphenyl groups showed subnanomolar inhibitory
activity against hSGLT2.12
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